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Abstract 
A special phonomenon of self-lubrication compensation named hole-wedge effect was found in a 
bionic porous friction pair, meanwhile the origin and regularity of this effect and its tribological behaviors 
were discussed in this paper. The process of self-circulating compensation of lubrication was modeled, 
and taking ferrofluid as lubricant a series of experiments were designed and done. Researches show that: 
the hole effect will produce self-compensation migration of lubricant in the holes to interface, and 
accordingly the wedge effect will exert a directional laminar flow, thus by well design the synthesis of these 
two effects can be used to obtain self-circulating compensation of lubrication in porous friction pair, which 
can significantly improve the stability and tribological performance of friction pairs. 
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1. Introduction 
It’s reported that the energy loss caused by the friction is a third to the industrial energy 
consumption worldwide, and 80% of the Mechanical Failure are caused by the friction loss. 
Especially in the conditions of uniformly distributed load, impact vibration and overload, how to 
improve the service life of the bearing components and the working performance and to realize 
the lubrication compensation between the friction interfaces has important research value and 
engineering significance. From the perspective of the smart tribology, the key of high-
performance friction pair structure design is how to improve the loading adaptability and 
absorption ability of interfacial film, and to realize self-adjustment of the film thickness and 
component of lubrication to the load changes, this is also the new topic in the current smart 
tribological researches [1-2]. The current scholars have proposed to magnetic as a lubricant, 
which is a multiphase colloid traditionally used for sealing and damping control, and carried 
some engineering practice. 
From the perspective of bionics, the hole-wedge effect of multiphase lubricant colloid in 
the friction gap was discussed, and the mechanism of self-circulating lubrication compensation 
and the structure design of bionic friction pair were put forward. A kind of ferrofluid lubrication 
trust bearing is introduced, its tribological experiments were carried out and the relevant 
influence factors were analyzed in this paper [3-6]. 
 
 
2. Hole Effect of Colloidal Lubricant in Porous Friction Pair 
Most of the industrial colloidal lubricant belongs to solid, liquid uniform multiphase 
dispersed system, and its tribological properties are between fluid and solid and varying with the 
working conditions. When the friction block is made of porous materials and immersed colloid in 
the structural holes, then similar to sweating behavior of the human skin that its tribological 
behaviors should be not only related to the interface of lubricating film but also influenced by the 
compensation characteristics of colloid lubricant stored in the hole [7, 8]. 
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(a)                                  (b)                         (c) 
 
Figure 1. Stress state under loading 
 
 
During the friction process, the lubrication colloid at the orifice is in the shear 
compression state. Sliding motion between the friction pair produces a shearing action on 
colloid, the colloid then deforms and extends along the friction interface for the reason of plastic 
deformation and solid co-ordination, as shown in Figure 1(a), Figure 1(b) and (c) are 
respectively the stress distributions of colloid in the hole and on the friction interface. 
Here in Figure 1, cd  is the mean diameter of penetration holes in porous friction pair 
block ( )mm ; h   is the thickness of interfacial colloid lubricating film ( )mm ; 1a , 2a , 1aF , 2aF  and 
1al , 2al  are respectively the compressive stresses ( )Pa , the resultant forces ( )N and the arms of 
resultant forces ( )mm which colloid acting on the two ring surface in the hole; 1f , 2f  and fF   
are respectively in the wall friction stresses ( )Pa  and the resultant force ( )N  on the two ring of 
colloid in the hole; W , m , 'm  and WF , mF , 'mF  are respectively the compressive stresses on 
the colloid hole projection area ( )Pa ,the vertical stress ( )Pa and reactive stress ( )Pa loading on 
the colloid in the hole and on the interface and their resultant forces ( )N ; ml   is the force arm of 
'
mF  on the colloid in hole ( )mm ; 1b , 2b  and 1bF , 2bF  are respectively the molecular key 
bonding force ( )Pa  and deformation resistance ( )Pa of interfacial colloid in horizontal direction 
and their resultant forces ( )N ; 1bl  and 2bl  are respectively the force arms of 1bF  and 2bF  acting 
on the interfacial area of orifice colloid ( )mm ; m   and mF    are respectively the wall shear stress 
of upper friction plate ( )Pa   and its resultant force in the region of the orifice projection area ( )N . 
According to the mechanics analysis to the lubrication colloid in the hole and on the 
interface, following equations are gotten.  
on the friction interface, 
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In the hole, 
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By the equilibrium equations, we can be obtained: 
1) Because 1b m   usually, so the molecular bond in lubricant material can be 
ignored. Then assuming the distribution of 2b  on the acting surface is linear, i.e., 
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Substituting Eq.(7) in Eq.(1),we can obtain,  
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2) In addition, by the deformation of Eq.(5), we can obtain, 
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3. Wedge Effect of Colloidal Lubricant on the Inverted Cone Interface 
 
 
 
 
Figure 2. Wedge effect of lubrication colloid 
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As shown in Figure 2, the upper friction disk has an inverted cone surface, is rotating 
around its center axis and subjected to external load, colloidal lubricant is filled in the interface 
between the friction pair and the friction interface is sealed from outside environment. 
Obviously, the structure of such a friction pair is a trust bearing. 
Here, W  is the load subjected on the upper friction disc(N); w  is the wedge angle of 
inverted cone(°); R  is the radius of the friction block(mm); 2h  is the minimum thickness of 
lubricant film(mm) ; and 3h  is the height of the inverted cone(mm).  
An column coordinate system is established in this paper, as shown in Figure 2, and 
taking a particular point where [0, ]r R  to carry on stress analysis.  
Obviously there is, 
 
3 tan wh R            (10) 
 
 
4. Results and Analysis 
 
4.1. Experimental Conditions and Methods 
The experiment was done on the XP-1 triboloigical test machine which is independently 
designed by the tribological institute of Wuhan University of Technolgy. The external magnetic 
field is generated by six DC electromagnets which are uniformly placed around the bearing, and 
the range of the input current is 0-2A. Ferrofluid lubricant is self-made in laboratory, the adding 
volume ratio of magnetic particles is 6% and the base oil is silicone oil. 
On the design of influence factors, the external loads are separately 19.6 N, 39.2 N, 
73.5 N, 98 N and 147 N, the rotating speeds are 50 r/min, 100 r/min and 150 r/min and 200 
r/min, and the input current are 0 A, 0.4 A, 0.8 A, 1.2 A, 1.6 A and 2 A. The experimental data of 
friction coefficient are recorded per second, and the continuous 300 seconds are taken as an 
acquisition cycle. 
 
4.2. Experimental Results 
a. The influence of rotating speed 
Figure 3 and Figure 4 show the varying curves of friction coefficient about rotating 
speed under different loads, respectively when the lubricant is silicone oil and ferrefluid and 
without external magnetic field. By contrast, the friction coefficient of silicone oil increases with 
rotating speed however that of ferrofluid decreases under the same load. 
 
 
 
 
Figure 3. Friction coefficient curves of silicon oil lubrication 
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Figure 4. Friction coefficient curves of ferrofluid lubrication (I=0A) 
 
 
Taking the load W=147N and considering two rotating speed respectively of n=50(r/min) 
and n=200(r/min), the friction coefficient in silicone oil lubrication situation increased 1.47 
times(0.537/0.366), however that in the ferrofluid lubricating situation reduced to 78.8% and the 
reduction ratio is 20.2%. 
 
b. The influence of load 
Figure 5 and Figure 6 show the varying curves of friction coefficient about load in 
different rotating speed, respectively when the lubricant is silicone oil and ferrofluid and without 
external magnetic field. 
 
 
 
 
Figure 5. Friction coefficient curves of silicon oil lubrication 
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Figure 6. Friction coefficient curves of ferrofluid lubrication (I=0A) 
 
 
By contrast, the loading capacity of silicone oil is very poor, especially when the load 
exceeds W = 147 N then the friction condition of thrust bearing deteriorated rapidly and the 
friction coefficient 0.45f  , which means the interface is almost in dry friction condition. On the 
contrary, ferrofluid emerges good load capacity and lubrication behavior with 40% (1-
0.323/0.537)decrease of friction coefficient when the load W = 147 and the rotational speed n = 
200 r/min.   
 
c. The influence of external magnetic field 
Figure 7 and Figure 8 show the varying curves of friction coefficient about external 
magnetic field intensity, respectively when the rotating speed is n=50r/min and n=200r/min. 
 
 
 
 
Figure 7. Friction coefficient curves when n=50r/min 
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Figure 8. Friction coefficient curves when n=200r/min 
 
 
The analysis on the varying curves in the Figure s shows that, the friction coefficient decreases 
with the increase of load when the applied magnetic field is certain, and the greater the load is, 
the antifriction effect of the bearing is more apparent. 
 
 
5. Conclusions 
The hole-effect of porous friction block is helpful to produce compensation to the 
interfacial colloidal lubricant so as to improve the stability of load when taking the colloid as 
lubricant. The wedge-effect caused by the inverted cone friction plate can produce a directional 
actuation on the interfacial lubricant movement, and this actuating action can be controlled by 
certain structural design. The coupling structure design of friction pairs by applying the hole-
effect and wedge-effect can realize the bionic compensation of colloid lubrication, and the 
compensating movement can be self-circulating. The experimental research on a ferrofluid 
microcirculating thrust bearing shows that, the self-circulating compensation of ferrofluid can 
improve the tribological performance of bearing significantly. 
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